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ABSTRACT
Aim To apply the recently published EICAT protocol to an assessment of the
magnitude of environmental impacts of alien bird species established world-
wide.
Location Global.
Methods A review of published literature and online resources was undertaken
to collate information on the reported environmental impacts of 415 bird spe-
cies with self-sustaining alien populations world-wide. The resulting data were
then categorized following the EICAT guidelines and analysed using R.
Results Environmental impact data were found for approximately 30% of
species with alien populations. Most alien birds had low impacts, categorized as
either minimal concern (MC) or minor (MN). However, 37 bird species had
moderate (MO) impacts or above, including five with massive (MV) impacts.
Almost half of all impacts identified related to competition between alien birds
and native species. Impact magnitudes were non-randomly distributed: impacts
due to predation tended to be more severe than for other impact mechanisms,
and impacts on oceanic islands tended to be more severe than for other
regions, but impacts associated with Psittaciform species tended to be less sev-
ere than for other alien bird orders. Approximately 35% of assessments were
allocated a ‘low’ confidence rating.
Main conclusions The EICAT protocol can be effectively applied to categorize
and quantify the impacts of all alien species within an entire taxonomic class.
The results demonstrate significant variation in both the type and severity of
impacts generated by alien birds. However, we found no data regarding the
environmental impacts of the great majority of alien bird species, and where
impact data were available, our assessments were frequently allocated a ‘low’
confidence rating. Our work therefore identifies major data gaps that will help
influence the direction of future invasive alien species impact research.
Keywords
Anseriformes, biological invasion, Columbiformes, competition, data deficient,
Galliformes, Passeriformes, predation, Psittaciformes.
INTRODUCTION
It is widely recognized that alien taxa can have significant
adverse environmental impacts (Simberloff, 2013a; European
Commission, 2015a; Pagad et al., 2015). In recognition of
this, the Strategic Plan for Biodiversity 2011–2020 (https://
www.cbd.int/sp/), developed under the Convention on Bio-
logical Diversity (CBD), includes a specific target to address
their impacts. Aichi Target 9 states that by 2020, invasive
alien species and their pathways should be identified and pri-
oritized, and priority species should be controlled or eradi-
cated (CBD, 2013). Similarly, in 2015, the European Union
(EU) published new legislation in response to the potential
threat associated with biological invasions across the region.
Target 5 of the EU 2020 Biodiversity Strategy (http://ec.eu-
ropa.eu/environment/nature/biodiversity/strategy/index_en.
DOI: 10.1111/ddi.12464
ª 2016 John Wiley & Sons Ltd http://wileyonlinelibrary.com/journal/ddi 919



































htm) requires the development of a list of invasive alien spe-
cies of Union concern, to be drawn up and managed by
Member States using risk assessments and scientific evidence
(European Commission, 2015b).
However, the type and severity of the impacts associated
with alien species vary greatly amongst taxa, and despite the
regulatory requirements imposed by the CBD and the EU,
there is much uncertainty regarding the mechanisms and
processes that lead to successful invasions; the species which
have (or are likely to have) the most damaging impacts; and
the most appropriate courses of action to prioritize and
manage alien invasions (Ricciardi et al., 2013; Simberloff
et al., 2013b; Kumschick et al., 2015). This may in part be
due to the fact that the international community has yet to
formally adopt a standardized method by which to compare
and contrast the impacts of alien species. In recognition of
this problem, Blackburn et al. (2014) proposed a protocol to
classify alien species according to the magnitude of their
environmental impacts. This protocol was recently formal-
ized as the Environmental Impact Classification for Alien
Taxa (EICAT) with the provision of a framework and guide-
lines for implementation (Hawkins et al., 2015). The princi-
pal aim of EICAT is to enable invasion biologists to identify
variation in the magnitude and types of impacts associated
with alien taxa, allowing clear comparisons to be made
regarding their impacts across different regions and taxo-
nomic groups (Hawkins et al., 2015).
The EICAT protocol has been developed in consultation
with the IUCN, and it is possible that it will be formally
adopted as their mechanism for classifying the environmental
impacts of alien species. If this happens, EICAT assessments
for all known alien species world-wide should be completed
and peer reviewed by 2020, in-line with the requirements
stipulated under Aichi Target 9 and Target 5 of the EU 2020
Biodiversity Strategy. It is envisaged that EICAT will be used
to develop a biodiversity indicator for invasive alien species
impacts, and through ongoing periodic assessments of
impacts, will provide a mechanism to monitor changes in
the impacts of alien species, for example to determine the
effectiveness of a management intervention in alleviating
adverse impacts. A significant outcome arising from the
application of EICAT will be a global stocktake of the broad
range of impacts associated with alien taxa. Thus, the EICAT
protocol will help to direct attention not only to the most
damaging alien species, but also to those species, taxa, loca-
tions or impact mechanisms for which we do not have
sufficient information from which to make informed man-
agement decisions to mitigate the impacts of alien taxa.
A key next step in the development of the EICAT protocol
is to apply it to a set of species with alien populations, in
order to test how readily it can be applied, and to identify
any aspects of the protocol that may need refinement. Thus,
here we present one of the first applications of EICAT, with
a global assessment of the environmental impacts of alien
bird species. More than 400 bird species have established
alien populations somewhere in the world (Dyer et al.,
unpub. ms) and some of these established populations have
been shown to cause significant impacts to the environment
(Long, 1981; Brochier et al., 2010; Kumschick et al., 2016).
For example, on the Seychelles, the common myna (Acri-
dotheres tristis) has been found to compete with, and subse-
quently affect the breeding success of the Seychelles magpie
robin (Copsychus sechellarum; Komdeur, 1995); in Sweden,
the Canada goose (Branta canadensis) damages natural
shoreline vegetation communities through intense grazing
(Josefsson & Andersson, 2001); in France, the African sacred
ibis (Threskiornis aethiopicus) predates upon eggs of the
sandwich tern (Thalasseus sandvicensis) (Yesou & Clergeau,
2005); and in Spain, the ruddy duck (Oxyura jamaicensis)
hybridizes with the globally endangered white-headed duck
(Oxyura leucocephala) (Mu~noz-Fuentes et al., 2007). We use
data obtained from a thorough search and review of the
available literature to quantify alien bird impacts under the
EICAT protocol.
Our study follows two recent global assessments of the
impacts of alien birds using different methodologies (Baker
et al., 2014; Martin-Albarracin et al., 2015). These assess-
ments identified impact data for a relatively small number of
alien bird species (33 and 39 respectively), and concluded
that there is a lack of data on the impacts of alien birds, par-
ticularly for less developed regions of the world (see also
Pysek et al., 2008). Data availability has also been shown to
vary with impact type and alien bird order. For example,
Martin-Albarracin et al. (2015) found nearly 40% of data
were for competition impacts, whilst a recent study compar-
ing the impacts of alien birds in Europe and Australia (Evans
et al., 2014) found that orders with a strong association with
human activity, particularly Passeriformes (perching birds),
Anseriformes (ducks, geese and swans) and Galliformes
(gamebirds), were amongst those with the most frequently
reported impacts. We therefore expected to find little or no
impact data for many alien bird species, and to find signifi-
cant variation in the availability of data across regions,
impact types and taxa.
Notwithstanding the examples above, we expected to find
that impacts associated with alien birds are relatively weak,
particularly in comparison with other taxa such as mammals.
Baker et al. (2014) concluded that there is little evidence for
detrimental impacts generated by alien birds, and the low
number of alien birds implicated in the extinction of native
species (Bellard et al., 2016) also suggests that their impacts
are not particularly severe. However, previous studies suggest
that impact severity varies with impact mechanism (Kum-
schick et al., 2013; Baker et al., 2014; Evans et al., 2014;
Martin-Albarracin et al., 2015) and across alien bird orders.
Kumschick & Nentwig (2010) examined the impacts of alien
birds in Europe, and found Anseriformes and Psittaciformes
(parrots) to generally be associated with more severe
impacts, whilst Martin-Albarracin et al. (2015) found Anati-
dae (Anseriformes) to have the highest impacts globally.
Thus, we expected to find variation in impact severity across
different types of impact, and across bird orders, with
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Anseriformes amongst the most damaging. Impacts generated
by invasive alien species may be particularly severe on ocea-
nic islands (Pearson, 2009; CBD, 2015). Although to our
knowledge no studies have been undertaken to determine
whether this generalization can be extended to alien birds,
we expected to find variation in impact severity across geo-
graphic regions, with more severe impacts associated with
islands.
Based on the evidence provided by past studies, we test
whether the magnitude of alien bird impacts varies across
impact mechanisms, and whether the magnitude, mecha-
nisms and availability of data on alien bird impacts vary
across alien bird orders. We further test whether the magni-
tude of alien bird impacts varies across biogeographic
regions. We also test whether our confidence in the EICAT
assessment for each alien bird species (as measured through
the allocation of a confidence rating of ‘high’, ‘medium’ or
‘low’ for each assessment) varies with impact mechanism,
impact magnitude and across bird orders. By determining
the form and extent of such variations, we aim to improve
our understanding of the nature of environmental impacts
generated by alien birds, and to identify knowledge gaps so
as better to prioritize future impact studies on this taxon.
We conclude with some observations on the application of
the EICAT protocol to real-world data on impacts.
METHODS
Data
A list of 415 alien bird species with self-sustaining popula-
tions across the globe was extracted from the Global Avian
Invasions Atlas (Dyer et al., unpub. ms). GAVIA is a global
database (incorporating data up to March 2014) that brings
together information on global alien bird introductions
(from sources including atlases, country species lists, peer-
reviewed articles, websites and through correspondence with
in-country experts) to provide the most comprehensive
resource on the global distributions of alien bird species.
Data extracted from the GAVIA database have recently been
used to study the drivers of global alien bird species intro-
ductions (Dyer et al., unpub. ms) and also to undertake a
global analysis of the determinants of alien bird geographic
range size (Dyer et al., 2016).
A review of published literature was then undertaken to
collate information on the reported impacts of each of these
species (for details on the method adopted for the literature
review, see Supporting Data: Appendix S1). The environmen-
tal impacts of each alien bird species identified from the lit-
erature search were categorized into one of 12 impact
mechanisms defined in the EICAT guidelines (Hawkins et al.,
2015) and summarized in Table 1. For each of the 12 mech-
anisms, a series of semi-quantitative scenarios were used to
assign impacts to one of the following five categories,
depending on their severity: in order of increasing severity,
these are minimal concern (MC), minor (MN), moderate
(MO), major (MR) or massive (MV). The scenarios reflect
increases in the order of magnitude of the impacts associated
with a species, as reflected in the level of biological organiza-
tion affected (a full description of the scenarios associated
with each impact mechanism is presented in Hawkins et al.,
2015). As an example, the most severe impacts associated
with alien populations of the rose-ringed parakeet (Psittacula
krameri) were for competition (impact mechanism 2 in
Table 1): parakeets have been found to cause reductions in
the size of populations of nuthatches (Sitta europeae) in Bel-
gium, but with no evidence to show that these impacts have
resulted in local population extinctions or changes to the
structure of communities (Strubbe & Matthysen, 2007,
2009). As such, recorded impacts match the semi-quantita-
tive scenario relating to MO in the EICAT framework
(Hawkins et al., 2015).
Each species was assessed for its impact under all of the 12
mechanisms for which data were available. However, a spe-
cies was assigned to an impact category in the EICAT scheme
based on the evidence of its most severe impacts only. Thus,
the rose-ringed parakeet would be assigned to MO on the
basis of available evidence of its impacts in terms of compe-
tition, as this is the mechanism of its highest impact. Some
species’ most severe impacts related to more than one impact
mechanism: for example, the most severe impacts associated
with the mute swan (Cygnus olor) were MO for both compe-
tition and grazing/herbivory/browsing. In such cases, species
were assigned to impact categories on the basis of all mecha-
nisms ranked equally most severe (in this case of the mute
swan, both impacts were assigned to MO).
To quantify uncertainty about the correct classification of
the magnitude of the environmental impacts of any alien
species, confidence ratings of ‘high’, ‘medium’ or ‘low’ were
appended to each assessment, following the EICAT guidance
(Hawkins et al., 2015). For example, the impact data for the
rose-ringed parakeet were published, peer reviewed and
empirical. There were also several studies suggesting the same
level of impact (MO). Consequently, a confidence rating of
‘high’ was allocated to the EICAT assessment for this species.
Where there was evidence to suggest that a species had an
alien population, but insufficient data were available to
determine and classify any impacts of that species, it was
assigned to the data deficient (DD) category.
As this represents the first comprehensive assessment of
birds using the EICAT protocol, both the maximum
recorded impact and the current recorded impact were
assessed for each bird species with a known alien population.
The maximum recorded impact measures the greatest delete-
rious impacts associated with a species. The current recorded
impact reflects the existing impacts associated with a species.
The current and maximum recorded impacts of a species
with alien populations may differ, for example if manage-
ment actions have been applied to mitigate species impacts.
For example, rinderpest, a viral disease of ungulates, was
introduced from Asia to southern Africa in cattle in the late
19th century. It caused dramatic declines in the populations
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of native species including wildebeest (Connochaetes spp.)
and buffalo (Syncerus caffer). Under the EICAT protocol, the
maximum recorded impact for rinderpest would therefore be
moderate (MO), as the virus caused declines in populations
of native species. However, rinderpest has since been success-
fully eradicated globally. Under EICAT, the eradication of
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rinderpest would have initially resulted in its classification
being reduced to minimal concern (MC), and upon official
confirmation of its global eradication in 2011, its classifica-
tion would have been updated to no alien population (NA)
(Simberloff, 2013a).
Analysis
The actual and expected distributions of impact magnitudes
and impact mechanisms across orders, and impact magni-
tudes across impact mechanisms, were all analysed using
contingency table tests (chi-square test of independence, or
where expected numbers were small (less than 5), Fisher’s
exact test for count data (following McDonald (2014)). Low
samples sizes in some of the categories of interest meant that
we amalgamated categories for some analyses. Thus, impact
categories were combined to produce two groups: ‘lower tier’
impacts, consisting of impacts classified as MC and MN, and
‘upper tier’ impacts, consisting of impacts classified as MO,
MR and MV. We used the Wilcoxon rank-sum test to com-
pare the number of empirical data sources underlying ‘lower
tier’ and ‘upper tier’ impact classifications, and underlying
different confidence ratings. For analyses involving bird
orders, five orders (Passeriformes, Psittaciformes, Galli-
formes, Anseriformes and Columbiformes (pigeons and
doves)) were tested as separate groups, with the remaining
orders combined to produce one group titled ‘other’. For
analyses regarding regions, areas were defined by continent
(Africa, Asia, Australasia, Europe, North (including Central)
America, South America) with the islands of the Atlantic,
Indian and Pacific oceans combined to form one category.
All analyses were carried out using RSTUDIO version 0.99.893
(R Core Team, 2015).
RESULTS
The 415 bird species with alien populations derive from 26
orders. The majority of these species (363, or 87.5%) come
from just five orders: Passeriformes (43.9% of the dataset),
Psittaciformes (14.9%), Galliformes (13%), Anseriformes
(8.9%) and Columbiformes (6.7%). The remaining 52 spe-
cies are distributed across the other 21 orders. The distribu-
tion of assessments across mechanism, category and order is
given in Table S1. The full list of EICAT assessment results
for individual species is provided in Table S2.
Impact data were obtained for 119 species from 14 orders
(28.7% of alien bird species) (Fig. 1). The same five orders
that contain most alien bird species also include most of the
species with recorded impacts (88.2%), with the remainder
spread across a further nine orders. Data describing the most
severe impacts of the 119 alien species (data used to allocate
species’ impacts) were obtained from 311 sources, 72.5% of
which were anecdotal, with the remainder being empirical.
An average of 0.4 empirical data sources per alien bird spe-
cies was found for those with ‘lower tier’ (MC and MN)
impacts, versus 1.3 per alien bird species with ‘upper tier’
(MO, MR and MV) impacts (Wilcoxon rank-sum test;
W = 1376.5, N = 102, P < 0.001).
No impact data were found for 296 species (71.3%), which
were therefore categorized at data deficient (DD). No impact
data were obtained for any of the species in 12 orders with
alien populations, such that almost half of the 26 orders with




example Impacted species/location Reference
(12) Interaction with
other alien species
The alien taxon interacts with other alien taxa (e.g.
through pollination, seed dispersal, habitat
modification), facilitating deleterious impact on
native species. These interactions may be included in
other impact classes (e.g. predation, apparent
competition) but would not have resulted in the





























Figure 1 The distribution across orders of alien bird species
with impact data. Pas, Passeriformes; Psi, Psittaciformes; Ans,
Anseriformes; Gal, Galliformes; Col, Columbiformes; Oth, Other
orders.
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distributed across orders (v2 = 20.6, df = 5, P = 0.001). This
result arises primarily from fewer Passeriform species, and
more Psittaciform species, with recorded impacts than
expected by chance (Table S3).
For all 119 species with recorded impacts, the maximum
recorded impact was found to be the same as the current
recorded impact. For 23 species, the highest recorded impact
was equally high for two or more impact mechanisms, result-
ing in a total of 146 impact mechanism allocations
(Table S1). The majority of these 146 impacts were catego-
rized as ‘lower tier’ (MC or MN; 69.9%; Fig. 2). However,
37 species had ‘upper tier’ impacts, with five having massive
(MV) impacts, resulting in native species’ population extinc-
tions. Impact magnitudes are non-randomly distributed
across orders (v2 = 16.0, df = 5, P = 0.003), primarily
because of fewer Psittaciform species with ‘upper tier’ (MO,
MR and MV) impacts than expected (Table S4).
Nearly half of all impact allocations were for competition
(43.2%; Fig. 3), whilst no impacts were allocated for physical
impacts on ecosystems, poisoning/toxicity or biofouling.
Impact magnitudes are non-randomly distributed across
impact mechanisms (v2 = 13.6, df = 5, P = 0.018). In partic-
ular, more predation impacts are allocated to ‘upper tier’
(MO, MR and MV) categories than expected (Table 2).
Impact mechanisms are also non-randomly distributed
across orders (v2 = 116.2, df = 25, P < 0.001). There were
more Psittaciform species than expected with competition
impacts, more Anseriform species with hybridization
impacts, more Columbiform species with disease impacts
and more Galliform species with interaction impacts. There
were also more species in ‘other’ orders with predation
impacts than expected; these were Accipitriformes (hawks,
eagles and allies), Coraciiformes (kingfishers, rollers,
hornbills and allies), Cuculiformes (cuckoos), Falconiformes
(falcons), Gruiformes (cranes and allies), Pelecaniformes
(pelicans and allies) and Strigiformes (owls and allies), which
together accounted for 42.3% of all predation impacts
(Table 3).
The greatest number of impacts were recorded on oceanic
islands (57 impact assignments, or 34%), primarily those of
the Pacific (24.4%), particularly Hawaii (13.7% of all impact
allocations). Continents with the most recorded impacts were
North America (21.4%) and Australasia (17.3%). The fewest
impacts were recorded in South America and Africa (3.6%
each). Impact magnitudes were non-randomly distributed
across regions (v2 = 15.5, df = 4, P = 0.004). This result
arises primarily from more ‘upper tier’ (MO, MR and MV)
impacts on oceanic islands than expected, and fewer in
North (and Central) America (Table S5).
Impact assessments were allocated a ‘high’ confidence rat-
ing on 53 occasions (36.3%). A similar proportion were allo-
cated a ‘low’ rating (51), whilst 42 were allocated a ‘medium’
rating. Confidence ratings were randomly distributed across
impact mechanisms (v2 = 19.3, df = 10, P = 0.065),
although a relatively high proportion of assessments relating
to disease transmission were allocated a ‘low’ confidence rat-
ing (Table 4a). Confidence ratings were non-randomly dis-
tributed across impact magnitudes (v2 = 11.9, df = 2,
P < 0.003), with more ‘upper tier’ (MO, MR and MV)
impact assessments allocated a ‘high’ confidence rating than
expected (Table 4b). Confidence ratings were also non-ran-
domly distributed across orders (v2 = 47.9, df = 10,
P < 0.001), with more Galliform and Columbiform assess-
ments allocated a ‘low’ confidence rating than expected.






















Figure 2 The number of impacts assigned to each impact
category. A further 296 species were data deficient (DD). MC,
minimal concern; MN, minor; MO, moderate; MR, major; MV,
massive.






















Figure 3 The number of impacts assigned to each impact
mechanism. Com, Competition; Pre, predation; Int, interaction
with other alien species; Hyb, hybridization; Gra, grazing/
herbivory/browsing; Dis, transmission of disease to native
species; Che, chemical impact on ecosystem; Par, parasitism; Str,
structural impact on ecosystem.
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‘Medium’ confidence ratings tended to be over-represented
amongst Psittaciformes (Table S6).
An average of 2.7 empirical data sources were found for
assessments allocated a ‘high’ confidence rating, 0.5 for those
allocated a ‘medium’ confidence rating and 0.4 for those
allocated a ‘low’ confidence rating. More empirical data
sources were found for ‘high’ confidence assessments than
for ‘low’ (Wilcoxon rank-sum test; W = 2413.5, N = 102,
P < 0.001) or ‘medium’ (W = 1986, N = 102, P < 0.001),
whilst medium and low categories did not differ in this
regard (W = 1050, N = 102, P = 0.77).
DISCUSSION
Birds are one of the best-known and best-studied groups, yet
to date there are no recorded environmental impacts for
more than 70% of bird species with alien populations. This
includes all the alien species in half of the 26 bird orders
with aliens. The obvious exception to this general paucity of
data is the Psittaciformes – parrot species tend to be noisy
and conspicuous, and are relatively well studied (Table S3).
The absence of knowledge regarding alien bird impacts
reflects the findings of other recent studies on the impacts of
alien taxa (Roberts et al., unpubl.; Baker et al., 2014; Martin-
Albarracin et al., 2015; Kraus, 2015), and alien birds have
even received proportionately lower levels of research effort
in comparison to other taxonomic groups (Pysek et al.,
2008). Despite growth in the study of invasion biology
(Richardson & Pysek, 2008), impact is a topic that remains
understudied.
There are at least two broad reasons why no environmen-
tal impact data exist for most alien bird species. First, some
alien bird populations may be perceived to cause little or no
environmental damage, and consequently, their potential
impacts are not studied. Lack of data here reflects a per-
ceived (but perhaps real) lack of impact. This would fit with
a recent synthesis of bias in invasion biology research (Pysek
et al., 2008), which found a tendency for research to focus
on species that were considered to have the most severe
impacts – as would be expected in a climate of scarce
research funding (see Joseph et al., 2009). Whether such
species actually have no environmental impacts, or their
impacts have just not been noticed, is unknown.
Second, alien bird species may have clear (and perhaps
high) impacts, but these impacts are unknown – in this case,
a lack of data belies impact. This lack of knowledge may be
because alien populations occur in remote locations where
they go unnoticed or are not easily recorded or studied (e.g.
tropical regions such as parts of Africa and South America).
Consistent with this hypothesis, we found more data on alien
bird impacts for invasions within more industrially devel-
oped regions of the world. At the continental scale, 53.6% of
data on recorded impacts came from mainland North (and
Central) America, Australia and Europe. For Asia, two-thirds
of all impact records were for invasions to Singapore, Japan
and Hong Kong, the three most highly ranked Asian econo-
mies in the Global Competitiveness Index (World Economic
Forum, 2014). The fewest records were for Africa and South
America. It is generally the case that comparatively less con-
servation research is being undertaken in these most biodi-
verse regions of the world (Wilson et al., 2016).
Pysek et al. (2008) also found a significant geographical
bias regarding the locations of invasion biology studies, with
oceanic islands (which play host to a large range of alien spe-
cies) being largely ignored in comparison with North Amer-
ica and continental Europe. Yet, we found that
approximately 34% of recorded impacts were for invasions
on islands of the Atlantic, Indian and Pacific oceans. This
may be because islands are more susceptible to impacts asso-
ciated with alien species (Pearson, 2009; CBD, 2015; Harper
& Bunbury, 2015), and the severity of their impacts has
resulted in higher levels of research there. Our results sup-
port this suggestion, as we found impacts to be more severe
on islands (see Table S5). It may also be because approxi-
mately 65% of the islands identified in this study are territo-
ries of developed countries (e.g. Bermuda; Hawaii; Mariana
Islands; Marquesas Islands; Tahiti).
Table 2 Contingency table (Fisher’s exact test for count data)
showing actual and expected numbers of impact allocations to
‘lower tier’ (MC and MN) and ‘upper tier’ (MO, MR and MV)
impact categories for each impact mechanism. Expected values
are displayed in italics. Individual v-squared values are displayed
in (parentheses). Data for impact mechanisms (5) parasitism,
(9) chemical impact on ecosystem and (11) structural impact on



































































Total 97 43 140
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As we had expected, the environmental impacts of alien
bird species were generally low, with approximately 70%
found to be either negligible, or without population-level
impacts (Fig. 2). If invasion research is biased towards spe-
cies with more severe impacts (Pysek et al., 2008), this sug-
gests that the majority of alien bird species have low
environmental impacts, and lack of data simply reflects lack
of impact. The same is true if alien bird species with impact
data are a random sample of all alien bird species. Only if
studies of alien birds were biased away from species with
higher level impacts would our analyses give a false impres-
sion of the levels of alien bird impacts. This is possible if
alien birds have lower environmental impacts in areas that
are better studied, such as Europe and North America, per-
haps because the environments there are generally degraded
by other processes (e.g. destruction of primary habitat). Ulti-
mately, there is no way of knowing whether the few higher
level impacts for alien bird species is absence of evidence or
evidence of absence.
Nevertheless, 37 bird species did have ‘upper tier’ environ-
mental impacts, with 28 negatively affecting populations of
native species (MO), four affecting the composition of native
communities (MR), and five resulting in species extinctions
(MV). For example, on Lord Howe Island (Australia), the
mallard (Anas platyrhynchos) hybridizes with the Pacific
black duck (Anas superciliosa), resulting in the local extirpa-
tion of this native species, and its replacement by mal-
lard 9 Pacific black duck hybrids (Guay et al., 2014).
Despite current concerns regarding the need for eradication
campaigns to address the impacts of invasive birds (Strubbe
et al., 2011), in the case of the mallard, management is con-
sidered warranted.
Four mechanisms accounted for almost 85% of alien bird
environmental impacts: competition, predation, interaction
with other alien species (which relates primarily to the
spread of alien plants) and hybridization (Table S1). Almost
45% of all recorded impacts were associated with competi-
tion between alien birds and native species. The prevalence
of competition may be because this mechanism is associated
with frequent, daily interactions between alien birds and
native species, when compared to other impact mechanisms
(more alien bird species compete with other species for food
or habitat, than predate, hybridize or interact with other
aliens to have impacts). This result is supported by two
recent global studies on the impacts of alien birds. Martin-
Albarracin et al. (2015) found competition to be the most
studied impact mechanism (39% of all studies), whilst Baker
et al. (2014) found both competition for nesting sites (33
studies) and interference competition (24 studies) to be
reported more frequently than any other impact mechanism
(the next most frequently reported mechanism being
hybridization with 21 studies). However, the competitive
impacts of alien bird species tended to be low when com-
pared to other impact mechanisms (Table 2). In contrast, we
found that predation by alien birds on native species tended
to be associated with more severe impacts when compared
to other impact mechanisms (Table 2).
Impact mechanisms were not distributed randomly across
bird taxa with alien populations (Table 3). Thus, Psittaci-
formes were associated with competition impacts,
Table 3 Contingency table (Fisher’s exact test for count data) showing actual and expected numbers of impact allocations to each
impact mechanism for each order. Expected values are displayed in italics. Individual v-squared values are displayed in (parentheses).
Data for impact mechanisms (5) parasitism, (9) chemical impact on ecosystem and (11) structural impact on ecosystem were removed
from the dataset for the test, due to low sample size.
Competition Predation
Interaction with
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Anseriformes with hybridization impacts, Columbiformes
with disease impacts, Galliformes with impacts generated by
interactions with other alien species (primarily the spread of
alien plants), and orders grouped together as ‘other’ with
predation impacts. These patterns generally reflect the beha-
viour and life history of species from these orders within
their native ranges. For example, Psittaciformes are often
cavity-nesting species, and cavities tend to be the subject of
competition, particularly by species unable to excavate their
own (secondary cavity-nesters) (Newton, 1994; Grarock
et al., 2013). Anseriformes have long been associated with
hybridization, with more than 400 interspecies hybrid combi-
nations recorded within the Anatidae – more than for any
other bird family (Johnsgard, 1960). Orders associated with
predation impacts include well-known avian predators,
including Accipitriformes, Falconiformes and Strigiformes.
Impact magnitudes were also not distributed randomly
across bird taxa with alien populations (Table S4). Psittaci-
formes were associated with less severe impacts when com-
pared to other orders of alien birds, reflecting the fact that
parrots generally interact with other native species through
competition. Alien parrots have often been introduced to
areas with no native parrot species, which may further
reduce opportunities for direct competition with species that
have similar habitat and food preferences (e.g. rose-ringed
parakeet (Psittacula krameri) establishment in the UK; Peck
et al., 2014). Almost 30% of impact assessments for alien
parrots were for North America, which may explain why
impacts on this continent were found to be less severe when
compared to other continents (Table S5). Conversely, Passer-
iformes and orders in the ‘other’ category tended to be asso-
ciated with more severe environmental impacts (Table S4).
This is because nearly 30% of Passeriform impact assess-
ments (primarily for corvids (crows and allies)), and over
65% of impact assessments for species within the ‘other’ cat-
egory, related to predation impacts (Table 3), which were
found to be more severe when compared to other impact
mechanisms (Table 2).
Our results showed that in general, we have higher confi-
dence in assessments associated with more severe impacts
(Table 4b). This relationship may arise because severe
impacts are more obvious, and therefore the data on impacts
Table 4 Contingency table showing actual and expected numbers of ‘low’, ‘medium’ and ‘high’ confidence assessments allocated to (a):
each impact mechanism (Fisher’s exact test for count data); and (b): ‘lower tier’ (MC and MN) and ‘upper tier’ (MO, MR and MV)
impact categories (chi-square test of independence). Expected values are displayed in italics. Individual v-squared values are displayed in
(parentheses). Data for impact mechanisms (5) parasitism, (9) chemical impact on ecosystem and (11) structural impact on ecosystem
were removed from the dataset for the test, due to low sample size (Table 4a only).
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used to undertake the EICAT assessment are considered
more robust. It may also be attributable to data availability,
whereby alien bird species with severe impacts tend to be
more frequently studied than those with minor impacts
(Pysek et al., 2008). This was true here, as a significantly
greater number of empirical data sources were available for
species with ‘upper tier’ (MO, MR and MV) than ‘lower tier’
(MC and MN) impacts, and also for impacts assigned a
‘high’ confidence rating, compared to those allocated a ‘med-
ium’ or ‘low’ confidence rating. Less confidence was placed
in disease impact assessments when compared to assessments
for other impact mechanisms (Table 4a). Disease assessments
can be complex, with recent studies suggesting it is often dif-
ficult to prove whether an alien species is solely responsible
for the transmission of a disease to native species (Tompkins
& Jakob-Hoff, 2011; Blackburn & Ewen, 2016). Less confi-
dence was also placed in Columbiform assessments when
compared to other bird orders (Table S6), probably because
Columbiformes were generally associated with disease
impacts (Table 3).
CONCLUSIONS
Our study represents one of the first large-scale applications
of the EICAT protocol, demonstrating that it is a practical
means to categorize and quantify the impacts of alien species
for a complete taxonomic class. Overall, the impact assess-
ment phase of the work took about three months, suggesting
an average of < 1 day per species assessed. The actual time
taken to assess a species obviously varied substantially, but
was manageable even for data-rich species. On the whole, it
was straightforward to assign impacts to mechanism, if
harder to assign impacts to categories. The process did, how-
ever, highlight some gaps in the existing EICAT guidelines
(Hawkins et al., 2015), most notably in terms of limited
guidance on the approach to adopt when searching for, and
recording, impact data. Based on this assessment, we are
developing search guidelines and a recording sheet for use
during EICAT assessments, which will be made available
under the formal EICAT protocol in future. In the mean
time, it is recommended that literature reviews are carried
out following the approach outlined in Appendix S1.
The biggest hindrance to the successful application of
EICAT is the lack of impact data for most species. This
problem is of course common to all evidence-based proto-
cols. Unlike other recent studies (Baker et al., 2014; Martin-
Albarracin et al., 2015), we used all available data to conduct
assessments, from peer-reviewed papers in international sci-
entific journals to unreviewed information lodged on web-
sites. The quality of these data is likely to vary substantially,
and we used EICAT confidence ratings to reflect any uncer-
tainty regarding their robustness. We also used confidence
ratings to reflect uncertainty related to the presence of addi-
tional factors that could adversely impact upon native species
(primarily habitat loss and other alien species). For example,
local population extinctions of the Cocos buff-banded rail
(Gallirallus philippensis andrewsi) on the Cocos (Keeling)
Islands (Australia) have been attributed to competition
between this species and introduced junglefowl (Gallus gallus
and G. varius). However, habitat modification and predation
by introduced mammals are also believed to have con-
tributed to the decline of the native rail (Reid & Hill, 2005).
In such cases, it was often difficult to determine the level of
impact attributable solely to the subject of the EICAT assess-
ment.
Our use of the EICAT protocol to identify variation asso-
ciated with the type and severity of impacts generated by
alien birds sets the scene for further studies to test for causes
of this variation, to improve our understanding of the factors
that influence the mechanism and magnitude of impacts
when species are introduced to novel locations. Obvious ave-
nues for future investigation include whether or not certain
life-history characteristics of alien birds (e.g. diet generalism,
body mass, fecundity) are associated with more severe
impacts, and more detailed exploration of spatial variation in
impacts, and characteristics of the receiving environment that
moderate them. Such studies have the potential to assist in
predicting the potential impacts of species that do not yet
have alien populations, and to inform recommendations for
alien species management.
Nevertheless, our work demonstrates that there is still a
long way to go to understand the impacts of even a well-stu-
died group such as birds. We have no information on the
environmental impacts of the great majority of bird species
with alien populations. Further, even where impact data were
available, assessments were frequently allocated a ‘low’ confi-
dence rating. One of the potential benefits of the EICAT pro-
tocol is that it can be used to identify knowledge gaps and
hopefully influence the direction of future invasive alien
species research.
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